Abstract-This paper reports investigations into capacity of a multiuser Multiple-Input Multiple-Output (MIMO) system which uses a block diagonalization (BD) scheme with antenna selection at mobile stations (MSs). It is shown that the antenna selection at MSs improves capacity while at the same time it offers an effective solution to hardware size and cost. Also it is advantageous from the point of view of simplicity of signal processing at mobile stations. Two antenna selection schemes are investigated, one is the norm-based selection and the other is project-maximization selection. The simulations results show that the project-maximization selection is superior over the norm-based selection.
INTRODUCTION )
Recent years have shown a considerable shift of research on MIMO from point-to-point to multiuser systems [1] [4] . The initial studies concerning a point-to-point MIMO system have shown a linear improvement in capacity with an increase of minimum number of transmit and receive antennas in a rich scattering environment. Recent information theories on a multiuser MIMO system have proved that the sum broadcasting capacity can be achieved by Dirty Paper Coding (DPC) [3] [4] . However, the implementation of an optimal broadcasting scheme is computationally intensive and complicated. Because of these reasons there has been a continuing search for simple suboptimal transmission schemes. One of the promising schemes is a Block Diagonalization (BD) scheme [5] [6] . It enables the base station (BS) to transmit the signal to multiple Mobile Users (MS) by using orthogonal beamforming weights. With BD, each MS beam-forming weights lie in the null space of all other MSs' channels. This is equivalent to having orthogonal effective MIMO channels to different MSs.
Since BD represents a low computation intensive broadcasting scheme and its performance is acceptable, BD is under constant research. In [7] , a BD algorithm that accounts for the presence of other-cell interferences was proposed under the assumption that the transmitter has full Channel State Information (CSI) in addition to the information about the interference plus noise covariance matrix for in-cell users. In [8] , the performance of BD was investigated assuming presence of spatial correlation and mutual coupling in transmitting and receiving array antennas. More recent trends include concepts of multiuser grouping and antenna selection for BD [9] [10]. However, the works accomplished so far proposed on antenna selection schemes for BD require the base station having a full knowledge of channel state information (CSI) for all the receiving antennas including non-active ones. This creates a heavy load on uplinks for mobile users when operated in FDD model. In this letter, our aim is to demonstrate that it is possible to avoid the above-mentioned problem by performing antenna selection at MSs independently. This operation requires much less feedback bits and much lower computation complexity at BS.
The structure of this letter is as follows. In section II, the signal and channel models are introduced. Section III describes the receiver structure with antenna selection and BD receiving antenna selection scheme. Section IV presents numerical results demonstrating the performance of the proposed scheme. Finally, section V provides conclusions.
II. SIGNAL AND CHANNEL MODEL

A. Signal Model
We consider a multiuser MIMO system consisting of a base station and mobile users all equipped with multiple antennas. Only the downlink case is considered, in which the base station transmits signals while mobile users receive them. It is postulated that the base station includes N transmitting antennas and there are L downlink mobile users around a base station (BS 
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where trace(E k E † k ) = p k is the power transmitted to the k th MS. n k is the additive Gaussian white noise (AWGN) vector, whose elements are independent identical distribution (i.i.d.) zero-mean circularly symmetric complex Gaussian random variables with variance n 2 . 
B. Channel Model
The properties of the channel matrix H k describing the channel between BS and the k th MS are influenced by the transmitting and receiving antenna arrays in addition to a signal propagation environment. Here, it is assumed that the links between BS and different MSs do not share the same scattering environment. This assumption re-confirms the earlier assumption that the signal fading is independent for different MSs. For each link, the Kronecker channel model [11] is assumed. In this model, the correlations at transmitter and receiver sides are independent and the channel matrix H k is represented as
where G H is a matrix with i.i.d. Gaussian entries with zero mean and unit variance and R k MS and R BS are spatial correlation matrices at the k th MS and BS, respectively. In a rich scattering environment, the correlation for any pair of dipole element with spacing d m,n can be obtained using Clark's model and are given by a Bessel function
Using (3), the correlation matrix for the k th MS can be generated as
In turn, the correlation matrix for BS can be obtained from
III. BLOCK DIAGONALIZATION WITH MULTIUSER ANTENNAS SELECTION
In this section, the multi-users MIMO system structure is described. Under the assumption that the mobile users do not share the same scattering environment, mobile users perform the channel estimation independently. Also they independently do antenna selection and feed back the channel state information for the selected antenna subset to the base station. AS a result, the mobile user's antenna selection does not impact the beam-forming at the base station for other mobile users. Further, assuming that there is no cooperation between MSs, this scheme greatly reduces the feedback load for uplink.
A. Multiuser Antenna Selction
In the proposed system, the mobile users perform antenna selection and feed back the channel state information corresponding to the selected antennas to the base station independently. This means that the antenna selection schemes proposed for point-to-point MIMO systems can be applied [12] [13] . Figure 2 shows the block diagram of the mobile users' structure with antenna selection, where the k th MS is equipped with M k receiving antennas and L k RF chains and L k is always equal or less than M k . Assuming that the perfect channel state information is available at mobile users via reliable channel estimate techniques, it is always possible to select the best antenna with respect to some reference standard. The k th MS needs to
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V1-672 select only L k receiving antennas out of the M k available antennas for the L k RF chains and downconverts their signals for further processing. This is equivalent to selecting L k rows out of the M k rows of the whole channel matrix. The most straightforward and simple method of antenna selection is to select the L k rows with the largest Euclidean norm. This method is referred to as norm-based selection (NBS) method [14] . However, NBS does not offer a robust antenna selection algorithm. In the case when L k > 1, NBS may lead to a reduced capacity in some scenarios. When the MSs only see the channel state information for themselves, the most straightforward and feasible selection standard for the k th MS is related to the maximum channel capacity between the base station and the mobile user itself. However, maximization of the capacity requires the computation of capacity for any possible combinations of L k receiving antennas. Achieving this goal is computationally intensive and thus non-feasible for a mobile user. This is because a mobile unit with limited computational resources favors a fast near-optimal antenna selection scheme with low computational complexity [14] . Assuming that the k th MS selects one antenna at one step, L k steps are required to complete the whole selection procedure. Assuming that at step l+1, the receive antenna corresponding to the m th row of H k is selected, the capacity between the base station and the k th MS is given by [1]
Noting that
and submitting (7) into (6), the capacity can be rewritten as
Applying the Sherman-Morrison formula for determinants, 
where the capacity increment can be expressed as
To maximize the capacity, the antenna selection scheme needs to select the row of the channel matrix with the largest capacity increment in (10) at step l+1. From a geometrical viewpoint this is equivalent to selecting the row with the largest projection length to the space spanned by the selected columns. The resulting optimization scheme is referred to as project-maximizing selection (PMS). The MS keeps repeating the process, until all the optimal L k rows are selected.
B. Block diagonalizaiton with antenna selection
Assume that the channel state information obtained by the k th MS for the selected antennas is fed back to the base station without any uplink errors, the base station can use the obtained channel matrix for data transmission. The channel matrix used e used for data transmission between BS and the k th MS is given as
This matrix is a sub-matrix of the matrix that appears in (2). The rows of matrix is (11) are selected by the k th MS from the rows of (2). Therefore, using an antenna selection scheme at MSs, the base station can support more MSs at the same time with block diagonalization downlink broadcasting scheme. This is under the condition k k L N (12) Therefore, the previous restriction that k k M N (13) does not need to be maintained any more.
The base station broadcasts information via the assigned MIMO channels by MSs. At the k th MS, the received signal is given as
To enable the users to receive their own data with zero co-channel interference, the base station has to apply the transmit beam-forming weights according to the following rule
where null (A) denotes the null space of the matrix A. From (15) it can be seen that the MSs' antenna selection governed by (11) does not impact the design of the beamforming matrix for the MSs. This is because different antenna selections generate different null spaces.
By performing the eigenvalue decomposition (EVD) over the N×N non-negative Hermitian Matrix, one obtains
where (•) † denotes the conjugate transpose operation. It can be seen from (16) that V k is the matrix with the columns given by the eigenvectors corresponding to the zero eigenvalues. Its dimension is N×O k , where
By letting W k = V k , a perfect null steering to all the undesired K-1 MSs can be achieved. Then the effective channel matrix between BS and the k th MS is given by
We can see from (18) that the effective channel matrix for the k th MS is composed as a product of two terms. The first term describes the antenna selection obtained by the k th MS itself. The second terms comes from the eigenvalue decomposition of the matrix formed by other MSs antenna selection results. By feeding back the whole channel state information (not the channel state information only for the selected antenna); it is possible to optimize the design of beam-forming matrices for all the K MSs in a cooperative manner, which can render a further increase in broadcasting capacity. However, the cooperative method requires a much higher load on uplink resource. Also it requires intensive computations at BS. Because we assume that the MSs operate independently, the demand on uplink resources is limited and computational complexity at BS is relatively low.
By repeating the steps shown by expressions (15) and (16), all the K beam-forming matrices and effective channel matrices can be obtained. In this way, the multiuser MIMO downlink system is decomposed into K independent singleuser MIMO systems with K orthogonal effective MIMO channels.
IV. NUMERICAL RESULTS
Monte Carlo simulations are performed to investigate the performance of the proposed system. We select the sum rate capacity as the performance metric for the proposed broadcasting system. We assume that the transmit power is allocated to the K users equally. In this case, the sum rate capacity can be expressed as 2 2 log det
In the undertaken simulation, it is assumed that the base station is equipped with N=10 antenna elements, and K=4 mobile users are scheduled and under service of base station. Each mobile user is equipped with L k =2 RF chains, which means the mobile user needs to select 2 best antennas from all the M k available antennas which are available. The interelement distance is fixed to 1.0 for the antenna array at BS and 0.5 for the array at MSs. In the following simulations, this system is referred to as
Figure3 shows the comparison for the sum rate capacity obtained for NBS and PMS schemes. Figure 3 . The sum rate capacity with antenna selection schemes at mobile users in the proposed system when SNR is 20dB .
As seen in Figure 3 , the antenna selection techniques improve the sum capacity for the system with BD broadcasting scheme. Also observed in Figure 3 is that PMS outperforms NBS. The performance gap between PMS and NBS increases with increasing receiving antenna numbers. Figure 4 shows the simulation results for the sum rate capacity as a function of the MSs receive antenna number. With respect to the two schemes, PMS outperforms NBS similarly as it has been earlier observed for results shown in Figure 5 shows the sum rate capacity versus the antenna number at BS for NBS and PMS selection schemes. From results presented in Figure 5 it is seen that increasing the number of transmitting antennas brings more freedom for the block diagonalization broadcasting scheme. The plots show an increasing sum rate capacity with increasing the number of transmitting antennas. However, the increment of the sum rate capacity is going to be stagnating when increasing the transmit antenna number at BS.
V. CONCLUSIONS
This paper has reported investigations into capacity of a multiuser Multiple-Input Multiple-Output (MIMO) system using a block diagonalization (BD) scheme with antenna selection at mobile stations (MSs). It has been shown that antenna selection at MSs improves the multi-user MIMO system capacity. Two antenna selection schemes have been investigated; one being the norm-based selection and the other one project-maximization selection. The simulations results have shown that the project-maximization selection is superior over the norm-based selection. 
